Introduction
Infection with disseminated varicella zoster virus (VZV), including cutaneous and visceral dissemination, occurs in recipients of autologous and allogeneic hematopoietic stem cell transplantation (HSCT) and in highly immunocompromised patients (1) . The main risk factor for reactivation of VZV is profound disruption of the cellular immune response, rather than severity of neutropenia or depletion of circulating B cells (1) . Allogeneic HSCT recipients carry a 20-50% risk of developing any type of VZV infection (1, 2) . The rate of VZV dissemination is 17-36% (3, 4) . However, cases of disseminated VZV in patients undergoing conventional chemotherapy are rare, with only case reports published, including a previous case report (5) . Other previous cases with abdominal symptoms and syndrome of inappropriate antidiuretic hormone (SIADH) have additionally been reported (5-10). As disseminated VZV has a high mortality rate of up to 50% (11) , anti-VZV therapy such as acyclovir should be immediately commenced. The recommended dose for adults with VZ is 800 mg oral acyclovir five times daily, or 10 mg/kg intravenous acyclovir every 8 hours, although higher doses (12-15 mg/kg) are sometimes used for life-threatening infections, particularly in immunocompromised patients (1) . VZV incidence increases markedly after 50 years of age, with two-thirds of herpes zoster (HZ) cases occurring in individuals aged ≥50 years (12) . One study provided an estimated case fatality rate of 2/100,000 in patients aged between 45-65 years, and 61/100,000 in patients aged >65 years old (13) . Although VZV-associated mortality rate is generally low, underlying comorbidities may increase the severity of the HZ episode and thus the risk of mortality (14) . Recently, 2 additional patients presented with VZV infection, and the present study reports these 3 cases of disseminated VZV and analyzes the risk factors of VZV.
Case report
Case 1. A 61-year-old woman undergoing treatment for grade 2 follicular lymphoma, clinical stage IV, with a low International Prognostic Index (IPI) score, presented at the National Cancer Center Hospital (Tokyo, Japan) in December 2013, with severe upper abdominal pain that had lasted 3 days prior to admission. The patient had a long history of treatment for follicular lymphoma, as follows: (Fig. 1) . The serum immunoglobulin (Ig)G level was 289 mg/dl and had been <400 mg/dl since 10 months prior (normal range, 842-1815 mg/dl).
On examination, the patient had a slight fever of 37.4˚C, but other vital signs were normal. The abdomen was distended and tender and bowel sounds were diminished. Plain abdominal X-ray showed dilated small and large bowels, compatible with ileus, resulting in the suspension of oral intake. A computed tomography (CT) scan revealed the absence of perforated bowel, but showed wall thickening in one area of the transverse colon. Gastrointestinal endoscopy revealed no abnormalities.
On day 4 subsequent to admission, the patient demonstrated hyponatremia (122 mmol/l), low plasma osmolality (246 mOsm/kg H 2 O) and high urine osmolality (469 mOsm/kg H 2 O), which is compatible with SIADH. At the same time, the total and direct bilirubin levels started to rise, which elevated to 4.9 and 3.1 mg/dl, respectively. An abdominal echo showed no evidence of liver, bile tract, gallbladder or pancreas abnormalities. On day 5, the neutrophil counts decreased to 480/mm 3 and the patient was treated with third generation cephalosporin antibiotics in case of masked bacterial infection. Following initiation of treatment with octreotide (300 µg/day) and opioids (fentanyl; 0.96 mg/day), the abdominal pain and distention were relieved. On day 6, the patient developed horizontal nystagmus, nausea and delirium. Radiographic findings of the head showed no focal lesions. Fever persisted, so antibiotics were switched to piperacillin/tazobactam. On day 9, vesicular skin lesions appeared on the trunk and extremities of the patient, suggestive of disseminated HZ virus infection.
Upon starting intravenous acyclovir treatment at a dose of 1,500 mg/day, the abdominal pain, SIADH and direct bilirubin levels of the patient improved. Polymerase chain reaction (PCR) for VZV of the peripheral blood taken prior to treatment revealed the presence of VZV. Subsequent to 14 days of acyclovir treatment, the skin lesions began crusting, and with relief of the symptoms of ileus, the patient began eating again. The patient was discharged on day 31 post-admission. . Although data on the CD4 cell count was not available, from the low overall lymphocyte count, it was considered that the CD4 cell count had been <200 cells/mm 3 for ≥6 months (Fig. 2) . On examination, VZV infection was suspected at admission, and 750 mg/day acyclovir, a reduced dose considering the decreased renal function of the patient, was administered immediately. On day 5 of treatment, the vesicles began to crust. Abdominal pain also diminished, and on day 14 of treatment, acyclovir therapy was terminated. On admission, laboratory data revealed serum hyponatremia (122 mmol/l) with low serum osmolality (262 mOsm/kg H 2 O) and high urine osmolality (532 mOsm/kg H 2 O), and the patient was diagnosed with SIADH. On day 6 subsequent to admission, a subtle vesicular skin lesion on the abdomen and back of the patient developed, which indicated disseminated HZ virus infection. Subsequent to sampling the serum and cerebrospinal fluid (CSF) to test for VZV DNA, the patient was immediately treated with intravenous acyclovir 1,500 mg/day.
The abdominal symptoms of the patient improved dramatically on the following day and laboratory data reflected the recovery of SIADH, when VZV DNA was found to be present in the serum and CSF. The skin lesions began to crust and the patient was discharged on day 14.
Discussion
The present study reported 3 cases of unusual manifestation of disseminated VZV infection in patients with lymphoma. Theses cases were unusual due to the concomitant symptoms of visceral infection. All patients initially presented with abdominal pain and 2 patients had SIADH, while 1 patient also presented with acute hepatitis. Second, all patients were undergoing conventional chemotherapy alone without HSCT. The clinical characteristics and past therapy history for the present patients are listed in Tables I and II. Table I ACV, acyclovir; ALT, alanine aminotransferase; AST, aspartate aminotransferase; D-Bil, direct bilirubin; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; IPI, international prognostic index; N.P., nothing particular; P-Amy, pancreatic amylase; PCR, polymerase chain reaction; PTCL-NOS, peripheral T-cell lymphoma not-otherwise specified; SIADH, syndrome of inappropriate secretion of antidiuretic hormone; VZV, varicella zoster virus. Table II . Patient treatment history. Abdominal pain is considered to occur due to direct viral infection of the enteric nervous system (ENS), resulting from 2 different pathways. Viremia, in which circulating T cells carry VZV, and axonal transport from dorsal root ganglia are potential routes enabling VZV to gain access to the ENS. This may result in multiple intestinal disorders of unknown pathogenesis, such as irritable bowel syndrome, inflammatory bowel disease, idiopathic gastroparesis and idiopathic pseudo-obstruction (15) . Acute colonic pseudo-obstruction is a severe and uncommon finding that is associated with immunodeficiency (15, 16) .
The exact cause and mechanism of SIADH remains to be eludicated. However, this syndrome is hypothesized to result from central nervous system (CNS) infection, which may be responsible for stimulation of ADH release from the neurohypophyseal system (6, 17) . Out of the present 2 patients with SIADH, patient 3 showed evidence of VZV infection in the CSF. In patient 1, although lumbar puncture was not performed, the patient presented with horizontal nystagmus, nausea and delirium, which suggested involvement of the CNS.
Abdominal pain and SIADH reflect viscerally disseminated viral disease, which may occur without evidence of cutaneous dissemination. There are studies reporting cases with abdominal symptoms and SIADH preceding skin rash (5-10). These viscerally disseminated VZV infections are sometimes fatal, with up to 50% mortality (11) . Due to the high mortality rate, clinicians should consider VZV, and if VZV is suspected, treatment should be started as soon as possible upon sampling of VZV DNA (18) . The present patients were treated successfully, prior to the result of the PCR test being obtained or prior to the symptoms becoming uncontrollable.
Disseminated VZV is observed more frequently in HSCT recipients compared with those patients undergoing conventional chemotherapy strategies. Risk factors of clinically relevant reactivation are considered to be profound disruption of the cellular immune response. This risk increases with intensity and duration of functional T-cell suppression (19) . In HSCT recipients, the rate of VZV infection is 20-50% (1-3). Among those infected, the rate of visceral or cutaneous dissemination is 17-36% (3,4). However, although remaining a minority, disseminated VZV infection in those undergoing conventional chemotherapy is additionally accumulating (5, 8, 20) .
It was notable that all patients had low CD4 or lymphocyte counts for a long time and 2 patients had taken oral steroid therapy. Oral steroids, which can cause prolonged decreases in lymphocyte count, may have contributed to development of this unusual form of VZV.
Prophylactic antiviral therapy for HSCT recipients has been proposed (21-23) and low-dose acyclovir of 200 mg/day or valacyclovir 500 mg/day, 3 times/week for at least 1 year is warranted (24, 25) . Previously, those treated with newer agents, such as alemtuzumab, bendamustine or the purine analogs fludarabine, 2-chlorodeoxyadenosine (2-CDA) and pentostatin, which cause major cellular immunodeficiency, were also indicated for antiviral prophylaxis (26) . It is crucial to consider that visceral disseminated VZV may occur in patients undergoing conventional chemotherapy alone. Although cutaneous dissemination is not life-threatening, viscerally disseminated VZV seeding the intestine, liver, lung and CNS may be fatal (17) .
In patients with a prolonged low lymphocyte count or long-term use of steroids, prophylactic acyclovir treatment may be required.
